OBJECTIVE -To determine the relationship between physical and social environment attributes and levels of physical activity in a population-based sample of diabetic individuals living in rural areas.
T he global burden of diabetes is expected to explode by the year 2025, with the number of individuals diagnosed with diabetes increasing 41% from 51 to 72 million in the developed world (1) . In the U.S. in 2003, the nationwide self-reported prevalence of physician-diagnosed diabetes was 7.1% (2) . Although diabetes is a significant health burden in the U.S. overall, there are numerous population subgroups that are disproportionately affected, including certain ethnic groups (e.g., African Americans, Hispanic Americans, and Native Americans), women, older adults, and individuals living in rural areas (1) .
The benefits of regular physical activity on overall health have been well documented (3) . Even moderate levels of activity have been shown to provide health benefits (3) . According to the most recent year of available Behavioral Risk Factor Surveillance System data (2003), only 23.1% of U.S. adults reported getting any physical activity in the past month (2) .
Regular physical activity is often recommended for individuals with type 2 diabetes for its beneficial effects on the metabolic risk factors often associated with diabetes complications (4) . Several recent large studies have investigated the effects of exercise regimens on relatively short-term outcomes such as glycemic control, blood glucose levels, glucose tolerance, insulin sensitivity, body mass/ weight, and lipid profiles as well as longterm outcomes such as cardiovascular events (5, 6) and mortality (7) . A metaanalysis by Boule et al. (5) concluded that exercise significantly reduces HbA 1c levels and that these effects were not caused by differences in body mass, exercise intensity, or exercise amount. There is a reduced risk of long-term cardiovascular outcomes or mortality in individuals with diabetes who engaged in physical activity (6, 7) . The effects of physical activity appeared in these studies to be dose dependent, with higher levels/amounts of activity being associated with a lower risk of cardiovascular outcomes or mortality. Despite clear evidence that physical activity is important in controlling and managing type 2 diabetes, individuals with diabetes are among the least likely to engage in regular physical activity.
Numerous studies have identified individual-level correlates of physical activity (e.g., low socioeconomic status, low education level, older age, race, and presence of underlying chronic disease) in the general population (8) . Additionally, personal barriers such as lack of time, lack of facilities, and fear of pain or injury are consistently identified as reasons for avoiding regular physical activity. A growing body of literature has explored other non-individual-level correlates of physical activity. Several recent studies have examined the influence of individual characteristics and the physical environment on physical activity behavior (9 -14) . These studies found numerous physical environment characteristics were associated with physical activity, including access to facilities, esthetic qualities of facilities and neighborhoods, land use mix, and issues of safety from traffic and crime. Fewer studies have focused on the role of the social environment on physical activity behavior (15) (16) (17) (18) , but these studies found that social environment factors such as social support for physical activity, membership in organizations, social participation (as a measure of social capital), and protective social and community factors were positively associated with physical activity.
Relatively few studies have investigated correlates of physical activity in a diabetic population (19 -21) . These studies have mainly described the prevalence of physical activity behavior in diabetic populations (21) and have identified individual-level correlates of activity such as younger age, higher education level, fewer personal motivation barriers, and more positive performance expectations (19, 20) . Even fewer studies have examined the relative influences of the physical environment (use of facilities, community characteristics) and the social environment (social cohesion, social engagement, social support for physical activity) in a diabetic population.
The purpose of this study was to describe physical activity behavior among rural individuals with diabetes and to determine the relationship between specific physical environmental attributes (use of facilities, overall rating of community for physical activity, community esthetics) and social environment attributes (dimensions of neighborhood social cohesion and social engagement, safety from crime and traffic) with different levels of physical activity.
RESEARCH DESIGN AND METHODS

Study design and data collection
The data for this study were from a crosssectional baseline survey for an ongoing intervention program in Missouri, Tennessee, and Arkansas. Data were collected through a random digit dial telephone survey using a modified version of the Behavioral Risk Factor Surveillance System interview protocol from July through September 2003 (22) . Eligible households were identified by a 2-mile radius around one walking trail in each of 12 towns in rural Missouri, Tennessee, and Arkansas. Of the 12 communities identified for this survey, seven had populations of Ͻ2,500 individuals, two were between 2,500 and 10,000 individuals, and three had populations between 10,000 and 20,000 individuals. These 12 communities were chosen for study because of their previous participation in the Ozark Heart Health Project (funded by the Centers for Disease Control and Prevention), the presence of an established walking trail in the community, the relatively high rate of poverty in this region compared with the rest of Missouri, and the higher rates for hospitalization and death due to diabetes compared with the state overall. Because of the rather rural nature of our sample, the two-mile radius encompassed the entire town in most cases, whereas in others it was only a portion of the community. All blocks within the 2-mile radius were enumerated and used to create a random digit list of listed and unlisted residential numbers. Only adult individuals residing within a 2-mile radius of the community walking trail completed the survey. The screening completion rate was 79.4%, the interview completion rate was 65.2%, and the overall response rate for the interview was 51.7%, as calculated using the method of the Council of American Survey Research Organizations (23) .
Study population
The study population for this analysis was all individuals who answered "yes" to the question, "Have you ever been told by a physician that you have diabetes?"
Measures
The measures and survey items used in this study were identified from previous work done by members of this research group as well as those published in the literature (17,24 -26) . Physical activity. Current physical activity level was categorized into three levels: regular physical activity, irregular physical activity, and no physical activity. Regular physical activity was defined as an answer of "yes" to the question, "I currently engage in regular physical activity (defined as Ն30 min for at least 5 days per week)." Irregular physical activity was defined as an answer of "yes" to the question, "During the past month, other than your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?" and "no" to the regular physical activity question. And no physical activity was defined as an answer of "no" to the question, "During the past month, other than your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?" Demographic characteristics. The following characteristics were examined: current smoking, physical impairment that prevented walking within past 7 days, ever been told by physician that he or she has heart disease, ever been told by physician that he or she has arthritis, ever been told by physician that he or she has cancer, BMI (kg/m 2 ), self-reported general health status, income below $25,000, age, education level, race, marital status, and sex. Physician advice. To determine whether physician advice influences physical activity, respondents were queried on whether a physician advised them to exercise more within the last year, whether a physician helped make a plan to increase exercise, and whether a physician followed up on the plan. Community facility use. To assess facility use, respondents were asked, "During the last 30 days, on how many days did you use the nearest . . . ?" (park, public recreation center, gym, or fitness facility; trail for walking or biking; school that allows the public to use their facility for physical activity; public swimming pool not associated with the above facilities; fitness center, health club, YMCA, or any other facility that requires a membership). These variables were then dichotomized into any use versus no use. These were further grouped to determine whether number of facilities used (facility use) was associated with physical activity level. Respondents were also asked, "How many minutes would it take you to walk from your home to the nearest. . . ?" Places included the facilities described above. Community characteristics/esthetics. The following variables were evaluated: many places for physical activity (not including walking), community has equipment for physical activity, signs to encourage physical activity, news articles to encourage physical activity, other encouragement for physical activity, community has health fairs, community organizes physical activity events, community organizes recreational events, community has clubs for physical activity, community has sports leagues, many places to walk, often walk to nearby places, sidewalks, shoulders on streets, interesting things to look at, tree-lined streets, community well maintained, and community free of garbage. Respondents were also asked to rate their community as a place to be physically active. Neighborhood social cohesion. Neighborhood social cohesion was evaluated using the following variables: safe from crime and safe from traffic, trust in community, good community in which to live, people in community have same values, help by community members if destruction to trails, and others would take advantage. A composite social cohesion variable was created by combining the following variables: trust, good community in which to live, people in community have same values, others would take advantage (reverse coded). For each individual, the scores for the four variables were averaged and then a dichotomous variable was created (high vs. low). Social engagement. The following variables were evaluated: belong to religious organization, belong to community organizations, gotten together with social groups, and exercise alone or with someone else.
Statistical analysis
Categorical variables were compared by physical activity level using 2 analysis with a P value of Ͻ0.05, indicating statistical significance. Multinomial logistic regression was used to estimate the crude and adjusted associations of physical activity level with potential correlates of physical activity identified in MEASURES above. The prevalence odds ratios (PORs) and 95% CIs are presented. The "no activity" group served as the referent category for all analyses. Crude PORs were adjusted for variables for which there were significant between-group differences, such as BMI, health status, and physical impairment, unless otherwise indicated.
This study received human subjects approval from the Saint Louis University Institutional Review Board.
RESULTS -A total of 278 (11.1%) individuals with diabetes were identified in the sample. Of this sample, 274 individuals had complete physical activity data and served as the total study population for this study. A total of 102 individuals (37.2%) had no physical activity, 36 individuals (13.1%) had irregular physical activity, and 136 individuals (49.6%) had regular physical activity.
There were no differences between physical activity level groups by sex, age, marital status, income, education level, or race (Table 1) . Individuals with regular physical activity were more likely to have no physical impairment, be of normal weight, and report better health status. Crude and adjusted PORs for the association of regular physical activity with potential correlates of physical activity are presented in Table 2 . After adjustment, individuals with regular physical activity were more likely to report no physical im- Several physical environment characteristics were associated with regular activity (Table 2) . Facility use was significantly associated with regular physical activity. Individuals reporting regular physical activity were more likely to report use of parks, recreation centers, walking trails, schools, and health clubs. Among this group, the associations of recreation center use (POR 12.2, 95% CI 2.74 -54.27) and health club use (7.48, 2.12-26.37) with regular physical activity were strongest. Additionally, individuals with regular physical activity were 14.3 times more likely (3.04 -67.26) to report using three or more facilities within the past 30 days compared with individuals with no physical activity, after controlling for physical impairment, BMI, and health status. There was no effect modification of the association between facility use and regular physical activity by income (Ͻ$25,000). Because facility use is strongly associated with regular physical activity, we investigated the nature of this relationship further. The percentage of the regular physical activity group that used three or more facilities within the 30 days before interview was 19% compared with 2% in the no activity group. A greater percentage of people with regular physical activity used one or two facilities compared with those with no physical activity (47 vs. 24%). Additionally, people were asked how many minutes it would take to walk to each of the facilities assessed. Mean values were calculated for each facility and group and then compared. Individuals reporting regular physical activity reported significantly shorter walking times to each of the following facilities: park, recreation center, walking trail, school, and fitness club compared with individuals reporting no physical activity. Additionally, community characteristics such as "rate your community for physical activity," "many places to walk to nearby," "often walk to nearby places," and "shoulders on streets" were all positively associated with regular physical activity. Physician advice alone was not associated with regular physical activity; however, when a physician helped to make a plan for physical activity or followed up on the plan, positive associations were noted. In contrast, after adjustment for BMI, physical impairment, and general health status, there was no association between social environment variables (neighborhood social cohesion and the four social engagement variables defined in RESEARCH DESIGN AND METHODS) and regular physical activity in this diabetic population.
Physical activity in rural midwest
Though the primary objective of this study was to identify correlates of regular physical activity in this diabetic group, regular physical activity may not be an achievable or even desirable behavior for many with diabetes because of the presence of comorbid conditions and functional and/or cognitive limitations. Individuals reporting irregular physical activity were more likely to report no current smoking, no physical impairment, and better health status. Community characteristics such as shoulders on streets, places in community for physical activity, many nearby places to walk, the presence of tree-lined streets, a wellmaintained community, and a garbagefree community were all associated with irregular physical activity. Social cohesion variables were strongly associated with irregular physical activity (POR 2.89, 95% CI 1.02-8.23). Social engagement variables were not, however, associated with irregular physical activity. After adjustment for BMI, physical impairment, and health status, only smoking status and the community characteristics identified in crude analysis remained associated with irregular physical activity. Additionally, no physical impairment was still associated with irregular physical activity after controlling for BMI and health status.
CONCLUSIONS -Findings from this study indicate that among individuals with diabetes, numerous aspects of the physical environment, particularly facility use, distance to various facilities, and community characteristics/esthetics, are associated with regular physical activity. Our finding indicating that physician advice alone was not associated with physical activity is consistent with earlier research (27) . However, our study found that physician planning and follow-up for physical activity behavior are strongly associated with regular physical activity among individuals with diabetes, and this may deserve particular emphasis for clinicians and other health providers in their interactions with individuals with diabetes. In this sample, the social environment did not appear to influence regular physical activity behavior.
While the results from this study indicate a strong association between regular physical activity and the use of multiple facilities, only 19% of the regular activity group reported using three or more facilities, whereas 47% used one or two facilities. Also, the lower mean walking times in the regular activity group versus no activity group may be attributed to several things: it may be an issue of perception, people who are physically active may choose to live closer to such facilities, or proximity to a facility may be a motivator to be active. Other studies of the urban environment, however, have suggested that selection bias due to choosing to live close to facilities is unlikely to explain differences in behavior. Prospective studies looking at change in physical activity behavior after community intervention might enhance our ability to address these questions. The significant differences in physical impairment in the physical activity groups are important (12.7% of the regular activity group vs. 20.9% of the irregular activity group vs. 47.6% of the no activity group). This indicates that physical impairment may be a significant barrier to physical activity. Therefore, it may be necessary to reevaluate what we recommend to diabetic patients regarding level and/or intensity of physical activity. There is a continuous gradient between physical activity and health (28) , and it is likely that even small improvements in activity are beneficial. Therefore, we may need to readjust the focus of future messages and interventions for this population. Crude PORs indicated that in the regular activity group, physical environment characteristics showed greater influence on physical activity behavior, whereas the irregular activity group showed greater influence of neighborhood social environment factors. This was not seen after adjustment for several individual factors. It would be important to investigate these associations further with larger sample sizes and more extensive assessment of the social environment.
While the findings from this study are consistent with similar studies in the general population (9 -11,13,16) regarding the relative influence of physical environment characteristics on physical activity Physical activity in rural midwest behavior, the magnitude of the associations between physical environment characteristics and physical activity were much greater. There are several differences also with regard to social environment factors. Giles-Corti and Donovan (16), Brennan et al. (17) , Stahl et al. (15) , and Lindstrom et al. (18) all showed the significant association of social environment characteristics with physical activity behavior. Our study found these associations only in the crude analyses and only in the irregular activity group. This may be in part due to differences in the types of social environment factors that were investigated and the small sample size within each of the physical activity groups. Additionally, there may be important differences in studies/findings done in urban versus rural settings and U.S. versus European/Australian communities. Perhaps social environment variables are more homogeneous in rural settings or may be of greater significance in urban settings that are more diverse ethnically or economically. These will be important issues to consider in future studies.
To our knowledge, this is the first population-based study of a diabetic rural population that assessed the relative influence of individual characteristics, physical environment, social environment, and disease condition status on physical activity behavior. A few study limitations deserve mention. The survey question regarding diabetes does not allow us to distinguish between type 1 and type 2 diabetes. However, because Ͼ90% of case subjects would have type 2 diabetes, this would not dramatically affect the results. We did ask respondents if they were currently taking either insulin or diabetic pills. There was no difference in the distribution of either treatment approach by physical activity level in this population. It may be warranted in future studies to distinguish between different types of diabetes. We did not collect objective measures of physical activity, nor information on possible confounding variables such as mental health status or glycemic control. The physical activity questions are drawn from the Behavioral Risk Factor Surveillance System and have been shown to be reliable and valid measures of physical activity (29) . We only asked respondents about leisure-time activity and did not measure specific activity in other domains such as occupation, transport, or household. We did find in our sample that only 8% of respondents reported being both employed and engaging in physically demanding activity on the job. Given the low prevalence of occupational activity in this population, we do not believe that occupation-related activity would have a significant impact on our findings. The findings presented are based on respondents' perceptions of their environment and have not been correlated with objective measures of the physical environment. Additionally, the questions regarding the physical environment were specifically developed for use in urban settings. How well they capture the same information in rural settings is not fully known. Finally, the crosssectional nature of this study prevents us from determining causality of the identified correlates with physical activity behavior. Despite these limitations, we believe this work provides preliminary evidence for the importance of studying environmental correlates of physical activity in a diabetic population.
The present study of correlates of physical activity identified factors associated with different levels of activity. Such studies are important as a foundation for future prospective and/or intervention studies that can better determine causal associations between various identified factors and physical activity in high-risk population groups (30) . To date, most work in diabetes intervention has focused on individual factors, psychosocial factors, self-management issues, and health care outcomes (31) . These interventions were generally focused on the diabetic individual and/or among patients in health care settings. Identifying physical and social environment factors for diabetes intervention would be a significant paradigm shift and may enhance our long-term prevention and control efforts. Greater emphasis on assessing the effects of the community factors and the "built" environment should be a major focus of future studies in this area.
